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(54) METHOD OF MANUFACTURING PHOTONIC CRYSTAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a PC fiber which suppresses formation of 
a hydroxyl group during drawing and is capable of 
yielding the PC fiber having lower transmission loss than 
heretofore. 

SOLUTION: This method manufactures the photonic 
crystal fiber by bundling many capillaries 1,1, etc., so as 
to form a prescribed lattice sequence at the cross 
section of capillarie holes and arranging a core rod 2 at a 
central axial position to form a preform 4 and reducing 
the diameter of the preform 4 by drawing, in which 
method both ends of each of the many capillaries 1,1, 
etc., are sealed. 
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*iaxLT«HS<b-r&-ifc«fc y hz^^^gx^ 
-bE£»a>*-* t: ^ y <D&*Oi^S££f it-*" & <h 

<bS*l««fc fcf^ g<DWI±£tS[5tLTfT-5-<h 

-r sat** i xr* 2 fciaeo) ? * k - v <? i g 

x v =j- > ^TjBia-r 4 z: t £ $#fi£ <h •+ h 1 7b S 3 CD 

[»«fll6] JiBI83l#aDX£±E:7y Artfz 
[ft 3RJI7 ] ±E£&(7>*v t 6 ^ 'J»tf±E37P * 

KXf*-tE£»a>** t° ^ g £fHtta>-g-7K— h^fz^a 

■T 4 c t r= J: y ±E^g ^t-ASMt^C t £1$tt 

7b2 6 0)^-r^-fzE*sa)7^ h-^> 

[O O O 1 ] 

X£;b?T*f/< (Jaflfe Tpc (photonic crystal) 77 
[0 0 0 2] 

/<f*. **e«M-*»«A:Lr**i=«fc<jai6n-ct^ 

36<-r#<CL^*fta*»tk**«-r4*a>i:L-C. PC 



37 7t- h-^^^ gx^ju«ti£*«tnEf 4t©r*fe4c 

[0003] fit, ^4PC77-f/^ii63Sat 

l=»*LTff«Lfc^g 7*— At«5l*»Xlc,fcy|i 

[0004] tc^<, zcDcfc5 3teSi£*5iT*(i. 1831 
io ^anxB* iz^-v e ^ g fl.#»f=* o -cjimb Lfc y aififc 

[0 0 O 5] ZflfzStfU WBflSp 1 0-9 5 62 8^ 
JftL/eff^/O h^KCcfco-C^g 7t-A»li£L, Z 

20 3^&«gi#apx-r«pc^7-f /<a>»jt*a^BB***L 

g) ooTt^-r k (**e^y*u izfcivcts&ixsrtEEA* 
#-f k (*tt7'j?i) £§si^::*3u::-r4. r*t> 

[O 0 O 6] 

30 prte&ttjiiz&y. «gi*»xftfcfflft+a)7k»4:a)J5 
jti^oT^e^gflffifCTk&a iohd 

tt^-ir.br^^o fit, P c:7 7-f AI^<<DtK^& 
3b^ja**L*t. -t*LA<«#3te<D4t£»fi (1. 3 8 u 

[0007] **9JI*. 3b^4^Jcffi^r^Stifct<7) 
T*fey. ^0)SWi:-r4^C4li, ^^I^WlxKfzfclt 

4*K»a>^fiE3&<wisij$*L. «t*izik-<rfie5sipx© 
pc^7^/<^#4c<t^r^4Pc^ 7 ^/\cDS^ 

40 [ O 0 0 8 ] 

tfetM*tLfc?U 7 t-AS85l SteltS P c 7 

[0009] e^wi^ii, **^^B^fi. ^e^g 

(7)+^e^g^^fe4^^fz. 4"t>«itellC3 7n7K 

l. i?'j7t- Asia^i^pxLraas^b-r^ctic 

50 Ux*;u3>7-f/<*Si6-i-3>*sfe-e 
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[oo 1 o] ±BW6*»l=J:*Ui, **tT^ya>SMB 
tfitit * 4x4 Z £ ic .J: o r * * t° ^ »J rt^Sr L 

[OO 1 1 ] ^Vt 0 7UOfE5S(D^Ji:^. irtt' 

0)PC77^A^$£LtS[j|*ii4zi:i:4j:4 o 
[0012] £t>iz. **e^ya)ffiaBa>itJt*. 

j**;h.*::fc3M5fc^£«C<ft«. 7kiliS 

L^x-e&y. r;u=f> (Ar) *a>##x. ttflg (c 

I 2) jtfX. 2ft (N2) #*Sfc&«*lf&*L«. 

[0013] fir, *^f^'j<Drtffiatx/xtt^B 

* 7 ^ ^b7K*^^l fiJ:otX7f> ^aas-f 4 C t 
rtffi&tfnflBI=7k«ai3W»«**LS-4:3&<**36«. -LIE 
ft**BW:cfcotSiyx7f>^i*i4ci:t6S 

OT:, »b*lSPC77-fA|i 

[OOI 4] 4r^tf^'Jfl!>rtffl&i;/Xttn®« 
*|R^fX«fZc*:oTK7Kffl3S-r4c:i:3&<ff*LL^ -0) 

^ fzftui, t° ^ y wwfctf/xttrtffljWMiw 



7P9 KMttW#x»i:J;otll*«it* = i: 
[0 0 15] fit, $f3l£*DX£, ^'J7t- AftlZ 

^t°7 , J^i^7P^ Krtffi^a>*K»a>JBJS£B& 

y«SIBl3»«**tfcffil»a)EE*36<K<3a:y. fS*;K£ 
PC77-f/^fK©ai( (-< — X^r-< *>*JU»-f 

y«SB0)ffll«^*ffi**tfc«ll^«3i*lnx-r« < kd 
*^e7'Jrti«37P-; K*tffl^*»© 

l=»L3t**U *tilz& -3X7 *h 9 frit 

&4>mftssttOT<tt<j« A*^^^7^>Ko)£ii 

5feA<#2b«)Tffil^PC^7-r/W»&*L4Zi:i:a4o 

^y -7*— Artiz^fiE**if=*-v tf ^ y «SM 

20 0>ffll8a>»EId\ -t<DffiBA<*E«!Bi:ft«J:3^^y 

[OO 1 6] *fc % *8©+^t7 l J&tfa7P^ KX 
fi£i&a>*-v fcT9 y SlBtto)**— K«fz*wr * z t 

mmz^Hii. ^r^f^y*35<th7K— h«T-*te&*Lfc 

30 X<DjDXtt3&<a»i:ft-6t*fC »bWPC77-f/< 
[O O 1 7] 

* v M=7 y (D^ffi*<Sih$*t4 z <t icck y 

«^0)«r LL^ftO>«AA«RiJt*4x-6 Z «t <t ft^^T% 
a^l^iPXftlcfertSfflft^^TK^tiDfiJCrcJ:**-^ 

bf^yrtii^a>*it»fls>»*t«i»J^-ftc:i:A«-e#. * 

40 [ O O 1 8 ] 

[0 0 19] <^r^t°^y^SJX?f>gl1 |Z^"Tcfc5 
[3, RlW«CD^3l (S i 02) §9Stt!tPl O-eJPgft 

4z^izj:ysRa)^-vt 0 ^y i £^§shl-£ 0 c 

50 <t<h££o »6*i4ftRO*te7'J i^i355g^ 
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**L4ck3^0rSa)ttfr:»3e-r« o fit, cco^RO 

**e^y 1 ST-f^nn-- asjanTBrS**!:: 

1. -£1ta-r«. :W-vt e 7'Ji«I^3t 

[0020] <*iixa>*^e^ , jft»xa-eft«L 
Mtt7Ui, i . **tr^u ion 

7 'J 1 RlS^ TUy K 2 «fc U fiRT53Sa<DR«ttfl>-9- 

[0021] <+t e7 u atfa 7 □ 7 KJt«ia> t 
— hS3i*ic=te*-r4 0 -a><t£. «BfHic*5i^r*-v 

1/3 7P7 K2|j:iIRMfc4fc^ hf 3F^ 

1. 11. — 3&<^«'**L&. f LT, 'JSO>g 

^•vt°7'ji, i. ^a>*i£>«itt«i3iaas*i/=: 

=i7P^K2<t, ^vt B 7U1, 1. -Slf37D7K 
2 cfc y ft*** um£SSN-&-*7K— hi 3t^b 

[0022] <«*#^|c«fc-SK7KfflaxS>H3l^ 

-Tctai^. ^y^^-- A4M5sBfz-9-7t<~hi : 3ctf5i^ 

Jf-T^o ^ LTs — *a)ffi«]/W:7l 2<DBBP«A^« 

j*s*Lfcffi«i 1, ii, -izaa*i±. m.mw\^tt>jj 
omsj/w^i 2(D^pgi5^t>^ai-r^cfc5^-r^<t^ 

*&1 3*^«J7^— A40)ft*»RllZtta»M* 
Vt7'J1, 1. -«M37P^ K2^®0>7ka» 
So LT, t: ^ U 1 ffiSrelCO^Ri 11, 11, - 

SB3a. 3a^Mt^)o C(7)<t^ ^(D&ffi 1 1, 1 

1. ■■•l^m^AL&l^cfcdl^U £I«1 1. 11, 



[0 0 2 3] <8?l^xg>^'J7t-A4^b-S0) 

aa/W^i 2S»y*u H4rz*r<fc5i_ % got 

ffe^OT*SBb/^-< ^ 1 2j&<±«l=fc4«J:5f::LT:7U z>* 
— A4*«5l#ft!X«fz-lz^ h-T*o f LT, ^U^* 

— A4|::«3I*jfi 4-eiDSftffi#-r^a?l#*nx^J6-r 

C£lzJ:yffl1Hfc C7T-f/<— lb) t^o CCD£:#. * 

■vtr^ui. i, -36<Bffi®rtffi**LTitJt**LT^ 
rtfz^**Lfcffl«i 1, ii, -35<ajE**Lfc«a-e 

X, y 1 niWn7P'> K2$*®^a>7K#G) 

1. 1 1. -MJ»I^J:otrtaE*<DB^ofc*-vt G 
7'J1, 1. -(ZcfcoTXA- Xl^ttLS**^-** 
fLT, Rftt-Wv^U 1 H±. ^t7'J 
1 <b:=3TP^ K2, M+^t7'J 1 h«3f* 
fillcKS-ftW-S^^ib^So f7Lt, H5fc^ 

[0024] ±tmf&(DP cz?7<< /< a ajas^ai^j: 
*Ltf % tf^ y 1 ffitta**-* t°^y siffl 1 a , 1 a 

Xtt±£:hTl^Z<hfz£oT*Vt 0 ^y i to^oy£% 
*Sttfctt«#Xj&<X«**LTl** C £ fZcfc oT^r-V fcf 
v'J 1 ni&^7P^ K2ttffi*<**#Xfc«fcoTffil 

*a»aW*ft < . «BXtf«ftr«iKJl 1 - 38/imO) 

[oo2 5] «?l#*nxftiz+-v tf^y 1 tffflftl 
j^**^LfeA<^ffl^b$ns<fc5f-^to^r^e^y 1 

©rtE3b<58ai=S***LTfey. £t>f^ -9-7K-h^3 
rtfc»*SFixfcfflai 1 **ffiLfctt»tf«3l#inx* 
40 ?j5^t\Z&<>)* «IE**Lfc-ta)ffll«1 1 *<*Dj»fCj:o 

[O O 2 6] fit, ^Vt 0 7'J 1 ^P7P'V K2A< 

^^xsc^^^sco-e. y i Mn7P7 k 

50 anxtttfftifratot&y. Hbti^pc7 7 ^ 
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[0027] £fc\ ±tmmr*mT-\z. tio^yss 

P c:7W/<8 £gj£-f Lfc7b<. ^fzc 

ftt>yi=. -to>+t>«itt«fc3 7ffiM*»rt-r«*5fc 

[0 0 2 8] ±EXlKMB-eH:* C3E*9f=«X 
^X*3tM^1±^7b<b*P^#LT^r^t 0 ^'J 1 10 

f±. *te5U 1MI:«^*I:J:«B**UH; 

[0 0 2 9] JifEHJEflSHI-ete. *ttf7'J1« 

7^=f>*a>*#x« a*#x»*3ta-r4«fea^LT 20 

[OO 3 0] -tffiliJSJBffi-efi* ^'J7t-A4 

■WiK— h*3WI«»JLL. W?'J7t-A4« 
«5l#iBX*-ftJ:5lzLfc*<* »f=C*U=IB*S*i** 

**Lfc««i/W^i 23^&jiffl#>^**ffl^rft{* 

fe^<fc5iwL-c»?l#Jrax^fT5«fc5^Lrt«fci>o - 
<Z>«t£l^8#f::. *Mb/W^1 2 3^P>tt*ifX*aLa 30 
*K *Vt°7'J lW*tfa7Pf K2d+ffiO)JK7X«iS 

[003 1] *fc, MMI*itJhL/=*^e^'JXttitJh 
SHTL^L^^'J^SL, -tOMr-Vtf^y*;? 

i<fcl\, c <Z>«fc 5 fcfixfi. ^fcf^'jn®a<x-/^> 
<f£;h,£;i£<h:ft£0>T% *tf>-ta>rt®a>*»*A<l** 
2*U #^ti^PC^T^/<fi7k^S(D^^L>tC7)<b/d: 

&o i*it2;h,T^fti^^t 0 ^ya>ig^fi. +te7U 

flfflt,H8l:i^f^«l*ti*:iiftS. 40 

[O O 3 2] 

[Ht&ftl] <K»ffFfii-9->^u>JslT(D#«a)PC^7' 

[O O 3 3] — « 1 - 

536«**ft»HaTT?lHj»3BI#-r * - <t lz«fc y *m 5 

O O *<mfi£ 3 OOmm^t tf^ U ££»*fE§iL 50 



3 O Omm037P7 Ki:^g2 6 mmt'^g 1 O m 

v tf^ u <DiBM*»»LTitJt-r £ c t iz cfc y ? 'j ? * 

5l#Jrax«fc-b^ Kfco fir, ^'J7t-A4jg 
3l#*pi 4-efliJBHi#-r**3l#liPX*tT3^fcl=J:y 

Lfc. 

[O O 3 4] -«2- 

*y*u ma (b) rz^-rj^ic. Bofc«»a>««& 
/ \V ^ 1 2 ± fly <t ft £ j; o \ z l r y U 3? A 4 £ ft 
SISJDlWit^hLfc. fit, S£7K>^£*iffl]/< 

-<^1 2fZ^g|LT-9-7K-h < i : 3^(Cfl$/$4tLfc^^ 

6«*s»m-r*ctizcfcy-ta>ffiw*4. 80x10 

4-ett»E#-r*«3l#mxt!T3Ci:lZcfcy 
^SlOO/imOPC77^/^SL, -^l?i2t 

[O O 3 5] — «3- 
* v y &tfn 7 □ v K**#— Affile 
ftib^77 ft**Kl::««-r 6 x ^ > ^ fflS Sfr o 

O/7m0)PC:7 W<£#l3 £ Lfco 
[O O 3 6] — «4 — 

±tmmmm t mm x *ssffl * # ft & 5** 
^> - 1 r = «fc y n*i4«»jh * sh.***rx*t* 

£fflL^T J E-^^^^S 50 0 U mSJ 3 O 0 mmCDf^5SA< 

^ih^^y-^r^t^yiz-^y^fi-^o ^t>T% ^+Lq>(7) 

^r-V tf^ "J £*1^5 OO// mfi^ 3 OOmmtD^TP V 
®^cfcl^T^^■vt 0 ^y 7L^=ft»^-$J^jS-r^i:^fzz] 

fc. fit, ^y^4~A*ttgi#*p-cm»ffi#r«tt 

3I ^JjPX^^Td C t \Z& y 1 00//m(DPC77'f 
[ O O 3 7 ] -fl 5 - 
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18 (c) Ci^ctai^ «3IS§Bteffil£&»ffl0>-M 

aw>**»jtLfc**tr5y 1 . i, -^ffli^fccfc* 

[0 0 3 8] — «6 — 

ma (d) ic^-r^aic, Wtt£*tjtLfti***fc:^y 

ttSLfcWSl 0 0//m(DPC:77-f/<£#j6<t Lfc. 
[0 0 3 9] <KSIfPffi*sS>ffl 1 -50#PC77^ 

31 



/<fCOl^T. Xft 1 . 5 5// m&^I 1 . 3 8 U m£> 

^H-^Hco^^eassit. *ft«xa>e»px*tt-aL 

fco ftfc. 0J6I4. *vt°^ytt*<;t;hTL£lV *S?L 
[0 0 4 0] <agli¥ffi$SS>Si it. KKMiiSX* 

[O 0 4 1 ] 

[in 



1. 55jtf m 



1. 38jim 



70 



700 



3E 



10 



400 



190 



4 | sis I 



50 Lff* I 



[0042] mmiZ&*H£^ 5 5/imMS 

1. 3 8 /im(Dlvf*LCDil^i. #J 1 - 5 <Z>|lglC^2lP 
XA<ffi< ftoTl^<D*<#^£o 

[0043] ffM fc«5fc*iktt-r*i:. 55 

t«1<D*A<tt<&o-CL\-6<Z>j5<»3&x« 0 Z*ll4. ff»J5 20 
ffifzsftfil.. 3 8/im(D*:*iaJtt'r*^<a)*»*A<^ 

*lt t 0: 7 'J ^(offisuou a y *<ft L*fe«>iz-£a>rt 

[0044] «1 fc«2i:*ltK-r*i:. 55 

/i mco7t(z^-r^feiMPX(i« 1 j: y *,« 2 (Djjtfxm 
fcoiz^L. «2-ctt-ta>ffii»sai=ELfcttffl-ea5i* 

fc. 9fcRl. 3 8/lm(D3telCtt^4ej£PX**fc«1 

(Hi-eim^'JttiBatfaTP-; KniB36<»**x 

E**LT^-vt°^u^s&tf=37P^ Knffiiz»«-r* 

[0045] «2i«3t$tk8!t-&i:, 55 
//mMMl. 3 8 A/mCDl^+UO^tlC^-r^feiUP 
Xt«2cfcy t)«3 0)^fi< 6otl^0)A^S. 50 



*tt:dB>km 

«2cfcy t«3 0)*A<5K*1 . 3 8 /im<7>5fcl3*f-f 
i£PXjfr<ffi< ftoTl*4<Dli. 0"J 2T-I4*-V tf^ Ufttl 

ra55S^itWirfz^-v tf9 y * ? 7ft*«»:aat4c t 
fz^y^aB^x^^v^LT^ATkttX^K^Lfc 
^^UifflL^-C, -tO^SL ft»2?*L*:PC;7 
7^/^»«-r«*tt**^>ft<ftofcfcto-Cfc*i:# 
*-£>*l4o 4ffl2 cfcy tfiH3<0M2ifi1 . 5 5 Um(b% 

rca-r4ei£px36<is< ftoTL^of*. aK*i . 3 8 

m(D3tf^-rSfeSlPXfcKS*^^fcfctf>"efc^t# 

[0 0 4 6] tt3&«4££Jttft-rft£:« SMtl. 55 
/imMSfil. 3 8 /imO)l^;ha)ft(Cfti-£fci£Q 
Xt«2«fcy t«3(7)^A<ft< ^0X^1)0)^^0 
«3 cfc'y ti«4(Z>^iK*1. 3 8/imfl)3tlC>>tt^e 

&px*<<£< ftoxi>^(7)[4. «3-ei**-ve^ urtffl 

fflft3b<3t«* n^fctoftttgi^joxftrc*^ tf^ y rt® 
l=*K»A<»***t«CDI=» U ffil 4 T?(i*-v tf ^ y f£ 
«^lc**#X*<3SEiS**L"C* V tf ^ y Sit 

*<ft<. -t0>*6** «4T?lift«*lf:PC77-fA|: 
» ■ r 4 * Ifc* 3^ * ft < ft o fc fc » * « <fc # iL 6 *L 

4o 3 j: y t « 4 a>**<aes i . 55/i ma>3fcfc»-r 

4fiaiPXjb<i£< ftoTl*40>ld\ sftfi 1 . 38//mO 

iz»-r*fiapx«=i5»**jtfcfc»-e*«fc#iL6*L 

[11] *S6^(Dlil6^«l(=i3ft*^r-Vtf^yf^aiXS 

[12] ^y^*— A(0BrffiHT?fe4o 

[13] **K(D5llfi^»llci3lt4*«*xlz«fc«JK7k 
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